Abstract:The objective of this research is to find out the optimized process parameters for minimum shrinkage.For this purpose, the injection molded General Purpose Polystyrene (GPPS) part which is used in refrigerators is taken. The Taguchi method is used for design of experiments. For five parameters with three levels, L27 orthogonal array in case of Taguchi method is selected. The experiments are performed in Autodesk mold-flow insight simulation software with mold temperature, melt temperature, injection time, packing pressure and cooling time as process parameters. Analysis of variance is used to find out optimized set of process parameters and percentage effect of each parameter on shrinkage. Regression analysis is carried out to predict shrinkage value using regression equation. Artificial Neural Network (ANN) is used to predict shrinkage value for optimized process setting. Thus, experimental, statistical and computational approaches are used for validation of research.
Introduction
Plastic injection molding is widely used technology that converts plastics into products of various shapes and sizes. Fast growth of plastic industries made complex geometries to manufacture in single production step which results in mass production of plastic parts. The productivity, cycle time and energy consumption of the molding process is also influenced by molding conditions. Materials, part design and tooling develop a close relationship with molding conditions [1] .
The quality of an injection molded part can be divided into three types: (1) dimensional characteristics, like weight, length and thickness; (2) surface properties, related to surface defect like sink marks, shrinkage, warpage, and flash; and (3) mechanical properties such as tensile and impact strengths. Optimized process parameters reduce the cycle time and increase the quality of the product [2] . The objective of work is to minimize shrinkage by optimizing process parameters affecting shrinkage using Taguchi method.
Chen and Huang studied the effect of process parameters on shrinkage and volumetric shrinkage at ejection using design of experiments technique [3] . The study of shrinkage and warpage for microcellular and conventional injection molding is done by Kramschuster et al. for box shaped polypropylene part [4] . Mirigul Altan has carried out shrinkage reduction by using Taguchi, analysis of variance (ANOVA) and neural network method for both PP and PS material separately [5] . Kamal et al. studied finite element analysis of residual thermal stresses in injection molded thermoplastic part [6] .
Othman et al. used Taguchi method to optimize the process parameters that satisfy part qualities like shrinkage, warpage and ultimate tensile strength [7] . Andrisano et al. introduced Design of Simulation Experiments (DOSE) method that can be used to define optimal process parameters for better quality of the product [8] . Hao el al. found that simulation of thin walled parts using mold-flow [9] . Kurtaran et al. used neural network model and genetic algorithm to reduce the warpage of bus ceiling lamp base [10] .
Material
The small refrigerator tray is used for this research which has the problem of shrinkage of material at the corner of the part. The problem of shrinkage occurred due to uneven cooling of the part. The small refrigerator tray is made of General Purpose Polystyrene (GPPS), the sub type of Polystyrene family. GPPS 1044 is the material of the part. This material is used in refrigerator tray, chilling tray and crisper tray etc. The part used for study is shown in Fig. 1 . The properties of this material are summarized in Table 1 . 
Fig. 1. Refrigerator Tray used for study

Experimental Work
Design of experiment is technique to find optimized process designs by studying their effects on performance and solve production problems by laying out investigative experiments. For this study, experiment is designed by using Taguchi method. Table 2 shows process parameters with their three levels. For the study of five process parameters with three levels, 243 experiments are to be carried out. But it is not possible to simulate all experiments. Hence, L27 orthogonal array is selected using Taguchi approach. Autodesk mold-flow insight provided the properties of GPPS through material database. Single cavity analysis with 3D mesh is used for meshing of the part. The part consists of tetrahedral elements. The part is analyzed for solving pressure, flow and temperature parameters. The process parameters selected for shrinkage analysis are melt temperature, mold temperature, injection time, packing pressure and cooling time and are represented by "MP", "MT", "IT", "PP", "CT" respectively. The experiments are performed for all sets of process parameters and are shown in Table 3 along with shrinkage values and S/N ratio values. "Fill+ Pack+ Warp" analysis sequence is used. The packing time is kept constant as 15 s for all cases. Other machine and process parameters are kept as default. The shrinkage analysis result of one result is shown in Fig. 2 . Fig. 2 . Shrinkage analysis result of refrigerator tray mold
Results and Discussion
Taguchi Method
The Taguchi method is applied to design of experiment to determine the effect of each process parameter on shrinkage. The shrinkage values obtained from MPI are put in MINITAB V17 software manually and S/N ratios are calculated. "Smaller the better" characteristic is preferred to get S/N ratios as the goal of study is to minimize shrinkage. The shrinkage values with S/N ratios is shown in Table 3 . Response table for S/N ratios is shown in Table 4 . By analyzing graph and table, the best set of process parameters is obtained. The best set of process parameters is MP=250, MT=40, PP=50, IT=11 and CT=25. Confirmation test is performed to determine optimal conditions.
Analysis of Variance (ANOVA)
ANOVA is applied to experimental design in order to determine the significance of each parameter on shrinkage. P-value less than 0.05 indicates that the process parameter has significant effect on shrinkage as shown in Table 5 . ANOVA helps to determine the percentage effect of each parameter on shrinkage and also shows which parameter is most significant among all parameters. Response graphs for S/N ratio are plotted using data in Table 5 and shown in Fig. 3 . To determine the percentage effect of each parameter following formula is used:
% Effect of each parameter=
Where SS= Sum of Squares 
Regression Analysis
Regression analysis is used to define the relationship between a response variable and one or more predictors. The mathematical relationship is formulated between shrinkage value and five process parameters selected for study. Regression analysis is done by using MINITAB V17 software. This model is used directly to predict the values of shrinkage from a new set of input parameters. The mathematical relation obtained from regression analysis is given below: 
The correlation coefficient measures the goodness of fit between the simulation data and predicted values. The R 2 value is found to be 82.04%. Also, the adjacent R 2 value is found to be 77.76%. These values show that predicted shrinkage values have good correlation with shrinkage values obtained from simulation. Hence the regression model is acceptable.
Artificial Neural Network
Neural network system is used to predict the shrinkage value for the two sets of process parameters, one is recommended setting provided by MPI and other is optimized process parameter setting. It is found that the predicted shrinkage value for optimized process setting is less than that for recommended process setting as shown in Table 6 . MATLAB nntool function is used for this study. A feed-forward back-propagation neural network model with 5-10-1-1 network is created and trained. 
Conclusions
In the proposed research, Taguchi method is found to be more efficient, user friendly and accurate. From the ANOVA table obtained by Taguchi, mold temperature is found to be more effective process parameter with effect of 80.5% followed by melt temperature and packing pressure with effect of 4.89% and 4,73% respectively. For Taguchi method, the shrinkage value obtained in mold-flow recommended setting is reduced by 29.9% after optimization.
The shrinkage value predicted by neural network model for optimized process parameter setting is less as compared to that of recommended setting by MPI. This shows that the optimization is correct. While comparing, the values obtained by mold-flow plastic insight, regression analysis and neural network model, it is seen to be good agreement between with each other.
